Background: The aim of this study was to evaluate the benefits from the addition of induction chemotherapy (IC) to concurrent chemoradiotherapy (CCRT) in N2-3 nasopharyngeal carcinoma (NPC). Methods: A total of 3089 patients with nonmetastatic NPC, staged as N2-3 were retrospectively reviewed. IC contained cisplatin (80 mg/m 2 ) with 5-fluorouracil (800 mg/m 2 / day over 120 h), or cisplatin (80 mg/m 2 ) with docetaxel (80 mg/m 2 ), or cisplatin (60 mg/m 2 ) with 5-fluorouracil (600 mg/m 2 over 120 h), and docetaxel (60 mg/m 2 ) administered at 3-week intervals for two or three cycles. Concurrent chemotherapy consisted of cisplatin (80 or 100 mg/m 2 ) given in weeks 1, 4, and 7 of radiotherapy, or cisplatin (40 mg/m 2 ) given weekly during radiotherapy. Overall, three well-matched risk groups (low, intermediate, and high risk) were created using propensity score matching, and IC plus CCRT was compared with CCRT in each risk group. Our primary endpoint was distant metastasis-free survival (DMFS). Results: A nomogram for DMFS was established with good prognostic accuracy (C-index, 0.69; 95% confidence interval, 0.64-0.73). The survival curves for low, intermediate, and high-risk groups stratified by the nomogram were significantly different between all three risk groups, with corresponding 5-year DMFS rates of 90.7%, 79.4%, and 64.9%, respectively (p < 0.001). IC plus CCRT was significantly associated with superior DMFS as compared with CCRT alone (69.5% versus 56.7%, p = 0.004) in the high-risk group. However, no significant difference between IC plus CCRT and CCRT was observed (p = 0.831 and 0.608, respectively) in the intermediate and low-risk groups. Conclusions: Our findings can help accurately guide the treatment of individual patients with advanced N-stage NPC.
Introduction
Nasopharyngeal carcinoma (NPC) is endemic in Southeast Asia, where the incidence rate ranges 15-50 cases per 100,000 people. 1, 2 Presently, the primary treatment modality for NPC is radiotherapy (RT). With advancements in RT technology and imaging techniques, the locoregional control rate is higher than 90%, and the main failure pattern is distant metastasis. 3, 4 Patients with NPC are divided into N0-N3 categories, based on the American Joint Commission on Cancer (AJCC) classification. 5 Recent evidence 6 has indicated that more than 75% of distant failures are concentrated in the advanced N-stage (stage N2-N3). Since outcomes are particularly poor for NPC patients with distant metastasis, with a median overall survival (OS) ranging from 7 to 16 months, [7] [8] [9] identifying patients with a high risk of metastasis is important for tailoring individualized therapy and reducing distant metastasis.
Currently, the standard treatment for locoregionally advanced NPC is concurrent chemoradiotherapy (CCRT). [10] [11] [12] However, CCRT alone may not be sufficient for some patients, particularly those with high-risk distant metastasis. 13 Although the addition of adjuvant chemotherapy (AC) to CCRT might reduce distant metastasis for NPC patients at an elevated distant failure risk, the concurrentadjuvant approach has low compliance for three cycles of AC (around 60%). 14 Induction chemotherapy (IC) offers advantages for improved tolerance and early eradication of micrometastases compared with AC. 14, 15 A recent phase III trial by Sun and colleagues reported that IC plus CCRT could improve distant metastasis-free survival (DMFS) in locoregionally advanced NPC compared with CCRT alone. 15 However, another trial by Fountzilas and colleagues 16 did not observe significant survival improvements. Hence, it remains unclear whether all advanced N-stage NPC patients would benefit from the addition of IC to CCRT.
To fill the current gaps in knowledge, we conceived and initiated a large-scale, real-world study to establish a nomogram model with improved prediction accuracy compared with clinical risk factors for distant metastasis in advanced N-stage NPC. We then applied this nomogram to place patients into risk groups (low, intermediate, and high risk). Additionally, individual comparisons of CCRT plus IC and CCRT alone were performed for each well-matched group based on a propensity score matching method to assess the benefit of IC in advanced N-stage NPC patients.
Materials and methods

Study population
This study utilized the NPC-specific database, which is derived from Sun Yat-sen University Cancer Center's (SYSUCC) well-established big data intelligence platform. A total of 10,126 patients were identified with histologically proven nondisseminated NPC, diagnosed from April 2009 to December 2015. Patients demographic, diagnostic, and therapeutic information were obtained from the intelligence platform using keywords such as 'diagnosis', 'histologic type', 'age at first diagnosis', 'sex', 'disease stage', 'RT technology', and 'Epstein-Barr virus (EBV) DNA'. Detailed descriptions of the SYSUCC intelligence platform have previously been published. 17 Briefly, this novel 'big data' research system, enables organizing, integrating, restructuring, and updating data in real-time from numerous clinical business systems, based on a welldesigned data model and algorithm.
In this study, we identified eligible patients based on the following inclusion criteria: pathologically diagnosed NPC; no evidence of distant metastasis; N2-3 disease based on the AJCC staging system (8th edition, 2016) 5 ; treated with intensity-modulated radiotherapy (IMRT); complete medical history; and baseline laboratory testing, including plasma EBV DNA, high-sensitivity C-reactive protein (hs-CRP), hemoglobin (HGB), and lactate dehydrogenase (LDH). Clinical information on the 3089 patients that met the inclusion criteria were included. The present study received approval from the Institutional Review Board (IRB-approved number, YB2018-005) of SYSUCC, Guangzhou, China. Written informed consent for the use of clinical data and collected samples for future studies (including retrospective studies) were obtained when the patients were admitted to receive treatment as a general standard procedure for patients treated in our center. All patient records were anonymous and de-identified before the analysis.
Diagnosis and treatment
All patients underwent complete evaluation before treatment, including a physical examination, fiberoptic nasopharyngoscopy, hematology and biochemistry profiling, magnetic resonance imaging (MRI) scanning of the suprasellar cistern to the collarbone, computed tomography (CT), abdominal ultrasonography, whole body bone scan (ECT), or 18F-fluorodeoxyglucose positron emission tomography (PET) and CT (PET-CT). Realtime quantitative polymerase chain reaction was used to measure plasma EBV DNA concentrations as described in prior studies. 18, 19 The two radiation oncologists specializing in head and neck cancer journals.sagepub.com/home/tam 3 restaged patients. 5 Patients were treated according to treatment principles for NPC established by SYSCC (see supplementary material).
Data sharing
Key raw data were uploaded onto the Research Data Deposit public platform (RDD), with the approval number of RDDB2018000430.
Follow up and end points
Patients were examined during the first 2 years at least every 3 months, and every 6 months for 3 years thereafter. During the visits, clinical examinations, fiberoptic nasopharyngoscopy, and plasma EBV DNA were routinely performed.
Patients with a clinical suspicion of metastasis were recommended for MRI, abdominal sonography, ECT, or PET-CT, followed by confirmatory cytological biopsies if possible. The study's primary endpoint was DMFS, and the secondary endpoint was OS. We calculated DMFS as the time from the date of initial treatment on day 1 to the first distant relapse date; and OS to all-cause mortality, or the last follow-up visit date, whichever occurred first.
Statistical analysis
We converted continuous variables to categorical variables according to clinical cut-off points (HGB, LDH, hs-CRP) or as determined by prior study findings (age, plasma EBV DNA). [20] [21] [22] [23] The Kaplan-Meier method was used to calculate survival rates which were compared using log-rank tests. 24 Potential factors were analyzed with univariate and multivariate Cox proportional hazards models. Variables with p < 0.05 in the univariate analyses were included in the multivariable Cox regression analyses. Additionally, forest plots were generated to present adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) of the validated predictors for DMFS and OS.
Based on the multivariable Cox regression analysis, nomograms were generated. The selection of the final prediction model was performed using a backward step-down selection process with the Akaike information criterion. 25 Nomogram performance was assessed using the concordance index (c-index) and evaluated through means of comparison of nomogram-predicted and observed Kaplan-Meier estimates of survival probability. Additionally, bootstraps with 1000 resamples were applied.
We scored the risk of distant metastasis for all patients with the aim of categorizing patients into groups (low, intermediate, and high risk) according to the prognostic factors in the nomogram for DMFS. We identified patients that would benefit most from CCRT with IC by performing individual comparisons of IC plus CCRT versus CCRT alone for each risk group. To reduce the effect of potential confounders on selection bias, the propensity score matching (PSM) method without replacement was performed for comparisons using the nearest-neighbor method with a stringent caliper of 0.05. 26 We compared the categorical variables in different groups using the Chi-square test or Fisher's exact test if indicated. The criterion for statistical significance was set at an α of 0.05 and all p values were based on twosided tests. All statistical models were generated using R statistical software, version 3.3.2 (http:// www.r-project.org/).
Results
Patient characteristics and treatment outcomes
The overall median age was 45 years (range, 18-81 years), and the male:female ratio was 3.1:1 (2337 men and 752 women). As is typical of endemic areas, histological examination revealed that 3019 (98%) patients had World Health Organization (WHO) type III disease, which is nonkeratinizing undifferentiated NPC. Table 1 shows the detailed clinicopathologic characteristics. DNA, HGB, and LDH had proven significant effects on DMFS [ Figure 1 
Benefits of adding IC to CCRT in each risk group
The nomogram-generated stratification based on DMFS showed patients that had an advanced N-stage receiving IC plus CCRT or CCRT alone 6 journals.sagepub.com/home/tam were categorized into a low-risk group, intermediate-risk group, or high-risk group, with a total of 603, 1530, and 499 patients in each group, respectively. Based on the results of DMFS in multivariate analysis, all aforementioned validated predictors (sex, T-stage, N-stage, EBV DNA, HGB, and LDH) were selected for inclusion in the propensity score analysis in the methods section. Moreover, as serum hs-CRP has been confirmed to be an important factor of distant metastasis, [27] [28] [29] [30] it was also incorporated into the propensity score analysis. The baseline characteristics of patients receiving either IC plus CCRT or CCRT alone were unbalanced ( Table 3 . In addition, Supplementary Table S4 shows the number of patients with different induction, adjuvant and concurrent chemotherapy regimens for each risk group after PSM. Figure 3 presents all direct comparisons between IC plus CCRT and CCRT alone for each risk group through the PSM method. In the high-risk group, IC plus CCRT revealed a significant improvement for DMFS compared with CCRT alone [5- year DMFS, 69.5% versus 56.7%, p = 0.004; Figure 4(a) ]. In the intermediate-risk group, no significant difference was observed between IC plus CCRT and CCRT alone [p = 0.831; Figure  4 (b)]. Additionally, IC plus CCRT tended to improve DMFS in the first 3 years after treatment compared with CCRT alone (3-year DMFS, 84.5% versus 83.2%), however this trend changed at year 5 (5-year DMFS, 79.8% versus 81.1%). In the low-risk group, patients who were treated with IC plus CCRT did not show an improvement benefit for DMFS compared with those treated with CCRT alone (p = 0.608). In contrast, IC plus CCRT tended to display an unfavorable DMFS in comparison with CCRT alone [3- year DMFS, 93.5% versus 97.0%; Figure 4(c) ].
Discussion
In the current study, a prognostic nomogram based on EBV DNA, TNM staging system, and hematology and biochemistry profiling in comparison with clinical risk factors improves the ability to predict DMFS in advanced N-stage Cancer is a heterogeneous disease. In addition to the anatomical extent of NPC, classic tumorrelated prognostic factors, such as EBV DNA, 31 HGB, 32 hs-CRP, 27, 28 and LDH, 20 were reported to independently correlate with treatment outcomes. Among these factors, we found EBV DNA was the most related prognostic factor for predicting distant failure. In fact, EBV infection is an important causative factor for NPC in endemic regions. Additionally, inherent genetic heterogeneity of NPC patients suggests inter-individual variations in EBV infection susceptibility, and EBV's ability to prompt malignant transformation. 33 Additionally, Lo and colleagues 34 found that for every 10-fold rise in plasma EBV DNA level to predict clinical events, the relative risk was 3.8 (95% CI, 1.6-9.2). For this reason, EBV DNA is potentially the ideal biomarker to complement the current TNM stage in the future.
To predict the risk of distant metastasis, we built a nomogram in the current study. Though such methods largely rely on traditional prognostic factors, such as T-stage and N-stage which reflects the anatomical information of tumors. We suggest that plasma EBV DNA reflects the tumor heterogeneity, 35 whereas blood parameters (e.g. hs-CRP and LDH) provide greater insights into the systemic inflammatory status of patients, and the increased concentrations of these are related to inferior NPC survival. 20, 27 To support this, our results indicated that the established nomograms including the anatomical information of tumors, EBV DNA, and blood parameters, predicted treatment outcomes with good accuracy. Moreover, patients grouped by high, intermediate, and lowrisk groups categorized by the nomograms provided excellent discrimination in distant metastasis. Hence, our nomograms might provide a simple and precise method of predicting distant failure in advanced N-stage NPC.
In this study, the individualized risk stratification of nomograms was applied to identify subgroups where it would be advantageous for the addition of IC to CCRT to improve survival. Our results confirmed that IC for high-risk patients was advantageous for improving distant control but this was not observed in those classified as lowrisk patients, despite the balanced characteristics between the two arms. The most likely reason for IC benefiting high-risk patients only in the present study is the result of bulky or extensive nodal disease, which has an elevated risk for distant metastasis. 13 Another explanation for the lower efficacy of IC in the low-risk patient group might have been the delay of RT start time for patients receiving IC before CCRT, resulting in a subadditive effect. Although there was no difference in survival between IC and CCRT together versus CCRT alone for the intermediate-risk patients, IC plus CCRT achieved a higher DMFS rate than CCRT alone in the first 3 years after treatment, while this trend reversed at 5 years. Therefore, it is difficult to determine which treatment strategy is more appropriate for this group of patients, and clinical trials should be considered in this subgroup in the future.
A main strength in the present study was the headto-head comparison among patients given CCRT with or without IC through risk stratification of nomograms and the PSM method in each group. This addressed both divergent confounders and the selection bias associated with observational data retrospective analysis. 36 Another strength was the large-scale data derived from real-world medical records, which reflect the actual medical treatment process and the patient's health under real conditions. Nevertheless, there are some limitations that must be noted. First, although these nomograms presented excellent agreement between calibration plots and satisfactory c-indexes, external validation was not performed due to a deficiency in the available per-patient data from other hospitals within the endemic area. For this reason, the generalizability of the results to other patient populations is not certain. Another limitation was the heterogeneity of the IC regimen and dosage because of the retrospective study design. Finally, since the intelligence platform of our center failed to collect the data on acute and late toxicities, treatment-related toxicities were lacking in the current study.
In conclusion, we developed a nomogram to predict DMFS rates for advanced N-stage NPC patients in the endemic area, which provided an improved ability to predict DMFS. The low, intermediate, or high-risk groups categorized by the proposed nomograms presented excellent discrimination in DMFS rates. Although the addition of IC to CCRT provided survival benefits for high-risk patients, it failed to retain benefits in those classified as intermediate and low-risk patients. Considering the potential morbidity, cost, and inconvenience of IC, the intermediate and low-risk groups may prefer to avoid IC, given the relatively small expected benefit. The present study can serve as a catalyst for treatment discussions and facilitate informed decision-making.
